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CHAPTER I
INTRODUCTION AND BACKGROUND
Introduction
Slow handwriting has been said to affect spelling unfavorably. Accord-
ing to Gates:
•'Laborious and illegible writing, whether due to native inaptitude
or to poor training, would place a serious inhibition on one important
form of spelling practice, so that when poor writing is found it should
be improved, if possible, in the interest of spelling if not for its
own sake . "l/
Hollingworth also lists bad handwriting as one of the causes frequent
in poor spelling. 2/ Wallace states that "Writes poorly" was given frequently
as the cause of poor spelling.3/ Acomb found speed of handwriting only
fairly significant as a factor in relation to spelling ability. In written
recall, after silent reading, handwriting was apparently an insignificant
factor. 4/ Potter found "some slight relation between speed of handwriting
and written recall," but in her study, speed of handwriting as a factor in
spelling ability was of small importance.^/ Is slow handwriting the result
of low muscle co-ordination or of poor training?
iy A. I. Gates, "The Psychology of Reading and Spelling, " Teachers College
Columbia University Contributions to Education
,
No. 129, published 1922,
New York City. p. jZ.
2/ L. S. Hollingworth, "The Psychology of Special Disability in Spelling,"
Teachers Co llege Contributions to Education, No. 88 (1913) p. 105.
2./ Clara Wallace, "Penmanship," Grade Teacher 54:67 Ja. '37
4/ Allan Acomb, "A Study of the Psychological Factors in Reading and Spell-
ing," Master’s Thesis, Boston University School of Education ( 1936 )
2/ Ruth Potter, "Comparison of Oral Recall with Written Recall of Silent
Reading in the Middle Grade," Master's Thesis, Boston University (1934)

2Handwriting
Many and varied experiments have been done in the field
of handwriting. Judd studied the complex movement of the arm,
hand, and finger muscles by attaching a "tracer” to the hand
of the writer. He concludes that in carrying out the movement
for writing there are individual differences and each child
should be allowed to develop his own mode of action in the way
best suited to him. Rapid writing will hasten the co-operation
of arm movements and finger and hand movements.!./
Prank N. Freeman has given detailed and specific directions
as to position and movement in handwriting. He states, "Some
children are naturally poor writers and others naturally good
writers. "2/ He also says, "The development of handwriting in
the child is governed not only by the general laws of habit
formation as applied to this particular process, but also by
the laws of the development of motor capacity in the child. "3/
He defines a motor co-ordination as "A group of simple move-
ments which combine simultaneously or successively to produce
some definite result." At the age of nine or ten writing de-
velops more rhythmically. Motor ability changes with age.
1/ G. H. Judd, Genetic Psychology for Teachers. D. Appleton
and Company. New York, 1907, pp. 162-219.
2/ Prank N. Freeman, and Mary L. Dougherty, How to Teach
Handwriting. Houghton Mifflin Company. Boston, 1923, pp . 11-
'sr.
3/ Prank N. Freeman, The Teaching of Hand Writing . Houghton
Uifflin Company. Boston, 19l4, p . 4.

Prom a survey he found that 1st grade pupils write less than
half as fast as the 8th grade. 1/
Freeman also experimented with a kinetoscopic camera, 25
exposures per second, to get evidence on the arm movement
theory. "The strongest refutation of the arm movement dogma
is the fact that with all the efforts which are made to teach
it, the pupils do not in the main, acquire it."_2/
West had the subject make to and fro movements as in
writing, with finger and arm movement, without and with im-
posed rhythm. Kymographic records were made and also photo-
graphic records. Each 50th of a second was recorded.
"The fluency, freedom and smoothness of movement
which characterizes the good writer generally is the fun-
damental 'rhythm 1 of handwriting. It is due to the un-
hampered interaction and co-ordination of the fingers and
arm as free swinging levers and with a ready control of
the motor elements at every instant, so there is a de-
finite relation between the form being constructed and the
speed and time relationships."^/
Wittier experimented to find out what correlation existed
between the "anatomic index" and rate and quality of writing.
"Anatomic age as expressed in skeletal development
appears irrelevant as a determiner of either rate or
quality of penmanship. Superior mental ability is a more
important correlate. The bright child is usually a rapid
writer .... There is evidence of the existence of that
T/ Prank N . Freeman, The Psychology of the Common Branches .
Houghton Mifflin Company. Boston, Copyright 1916, pp. 6-53.
2/ Frank N. Freeman, "The Scientific Evidence on the Hand-
writing Movement", Journal of Educational Psychology
,
(May, 1921)
12: 253-269.
3/ Paul V. West, "The Relation of Rhythm to the Handwriting
Movement, Journal of Educational Psychology, ( October, 1922)
13: 438-447“

4unidentified, quantum known as manual aptitude, motor co-
ordination or muscular control, with the probability that
it does affect scores in penmanship • "l/
Roman used a special apparatus, "graphodyn" which recorded
tracings showing the time required for writing and the degree
of pressure. The experiment included bovs and girls 11-18
years of age* Speed variability was widest at age 11* Boys
and girls were about equal in writing speed at age 11. "It
is a fact that puberty gives a special impetus to writing speed,
while further development of speed terminates with sexual matu-
ration." She states that there is no reason to assume that
quick speed expresses mental alertness. The efficient writer
uses low pressure as heavy pressure makes co-ordination more
difficult , 2/
Experimenting has been done to find out the merits of
cursive and manuscript writing. Voorhis makes this statement:
"Data from experimental studies indicate that manu-
script writing is distinctly superior to cursive writing
for its facilitation of beginning reading, and for its
superior legibility and speed in the primary grades.
Studies conducted in the upper elementary grades yield
contradictory and inconclusive evidence with regard to
the superiority of either of the two methods for these
grades .
"
In her own study she found decided superiority of manu-
script over cursive writing in its influence on beginning
1/ Milton Wittier, "Factors Affecting Ability in Handwriting,
"
School and Society
,
(June, 1929) 29: 847-50.
2/ Klara Goldzieher Roman, "Studies on the Variability of
Writing Speed and Point Pressure in School Children. " Ped .
Sem. and j. Genet. Psych. ( September, 1936 ) 49: 139-160.
'
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5reading. l/ Gates and Brown found in grades IV-VI manuscript
superior in quality, cursive superior in speed. "in general,
for all-around usefulness, print-script seems to be more
suitable in the primary grades (I-II) and cursive in the grades
above IV, with grade III uncertain. Further investigations
should be made
.
"2/
Arnold experimented in Grade IV, changing from manuscript
to cursive, and found greater speed. Based on one case, a boy
whose writing was not legible in manuscript form and who
lacked muscular co-ordination, she states, "The teachers can
now see the advantage of cursive writing for those afflicted
with poor muscular control." The boy could write legibly
in cursive style .3/
In Turner’s experiment legibility was determined by the
speed with which the writing could be read upside down in a
mirror. Grades II-VI wrote better form in manuscript.^/
Goetsch found the effect of early handwriting instruction as
a factor on the speed of the pupils in Grade V too complicated
rr Thelma Voorhis, "The Relative Merits of Cursive and Manu-
script Writing", Bureau of Publications, Teachers College
Columbia University, New York City (1931) pp. 40-51.
2/ A. I. Gates and H. Brown, "Experimental Comparisons of
Print-script and Cursive Writing, " Journal Education Research,
(1929) 20: 3-16.
_3/Esther Whitacre Arnold, "The Transition from Manuscript to
Cursive Writing," Elementary School Journal (April, 1933) 33:
616-20.
4/Olive G. Turner, "The Comparative Legibility and Speed of
Manuscript and Cursive Handwrit ing, " Elementary School Journal

6a subject to justify a definite statement. "Maturation for
example surely exerts a greater influence on writing than does
a shift in style made two years earlier. "l/ In Grider’s ex-
periment cursive writing was dropped and manuscript adopted
in Grades I to VI inclusive. "The data presented seem to
warrant the conclusion that, with previous training in cursive
writing plus a general maturity resulting in increased muscular
control and co-ordination, a child can readily acquire a
reasonable quality and rate in manuscript writing. "2/
Gray photographed the movements of the hand and arm using
a kinetoscopic camera. There was no significant difference
in the way of holding the pen or in moving the hand sideward.
There were more pauses in manuscript with sharp changes in
direction. Cursive writing was more rapid for adults, and the
speed was due to the difference in forming the letters. 3/
McKee says, "In the writer’s humble opinion, based largely
upon the available evidence, both forms of handwriting should
XJune, 1930) 30: 780-6.
l/ Walter R. Goetsch, "The Effect of Early Handwriting Instru-
ction", Elementary School Journal (December 1935) 36: 290-8.
2
/
Blake Crider, "The Adaptability of Pupils to Manuscript
Writing," Elementary School Journal (April 1932)32: 617-622.
3/ William Henry Gray, "An Experimental Comparison of the
Movements in Manuscript Writing and Cursive Writing," Journal
of Educational Psychology (April, 1930) 21: 259-72.
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7be taught. The child certainly has need for both."l/
Experiments have been made to discover what causes il-
legibility in handwriting. Pressey and Pressey found that
seven letters poorly formed were responsible for over half of
the difficulties in reading. They advise that teaching emphasis
should be placed on eradicating errors. 2/ Newland found that
four letters caused 45 to 47$ of the illegibility. "The gross
frequency with which illegibilities appeared tended to increase
with age. "3/ Lehman, and Pressey compared general drill with
drill for the removal of specific illegibilities and found the
latter more efficacious .4/ Phelps found that drill based on
the child’s difficulties and with written work from other sub-
jects produced good effects.j5/
rr Paul McKee, Language in the Elementary School . Houghton
"Mifflin Company. Boston, Copyright 1954, p. 460.
2/ L. C. Pressey and S. L. Pressey, "Analyses of Three Thousand
Illegibilities in the Handwriting of Children and of Adults,"
Educational Research Bulletin ( September 28, 1927) Vol. VI,
No. 13, The Ohio State University College of Education.
3/ Ernest T. Newland, "An Analytical Study of the Development
of Illegibilities in Handwriting from the Lower Grades to
Adulthood," Journal of Educational Research (December, 1932)
26: 257.
~
4/ Hilda Lehman, Luella C. Pressey, "The Effectiveness of
Drill in Handwriting to Remove Specific Illegibilities,"
School and Society (1928) 27: 546-48.
5/ E. M. Phelps, "The Handwriting Lesson and ’ Other ' Sub jects,
"
Elementary School Journal (1932) 33:142-46.

8Shaw and Irwin made a study of physical, social, in-
tellectual, and emotional characteristics in trying tu dis-
cover the cause of poor handwriting. Teachers gave "nervous-
ness, defective vision, left -handedness
,
and social circum-
stances" as reasons for poor writing. Lack of co-ordination
was also given in a small percentage of cases. "The good
writers (in each grade) were a little younger than the
poor writers." "The difference in intelligence between the
good and poor writers was not marked." "Poor writing is poor
for a definite reason. " They suggest that the cause must be
discovered before a change can be made._l/
Shaw and Crumpton found that "in general, the pupils im-
proved in both rate and quality of writing when legibility was
motivated through the English and other classes. Attitude is
a potent factor in the development of a skill. "2/
Prewit and Manuel compared the handwriting of supervised
and unsupervised pupils. Quality of handwriting was superior
in the supervised schools. Speed was greater in five of the
seven grades unsupervised. "The facts suggest that speed in
handwriting may be largely a matter of maturity and opportunity
to write. "3/
1/ L. AT Shaw, and M. E. Irwin, "A Study of Good and Poor Wri-
ters," Educational Methods (February, 1933 ) 12: 275-84.
2/ L. Shaw and C. E. Crumpton, "The Attitude of the Child in
Batters of Skill," Elementary School Journal (Nov. 1929)30: 218-22.
3/ I. Prewit and H. T. Manuel, "Differences in the Handwriting
of Supervised and Unsupervised Fupils," School and Society
—.
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9Hertzbers: tried an experiment with kindergarten children
using four different methods for teaching beginners to write.
He found little transfer from devices but the most improvement
was made by the direct learning method. Three motor tests
were given to the children previous to the writing experiment.
These consisted of lines to be crossed, circles to be joined
forming a design, and characters to be copied free hand. There
was a high correlation between the copying of the characters
and writing ability.]./
Gates carried out a similar experiment previous to this.
Tracing letters and copying a model were the two methods used.
"Practice in tracing contributes a meaere amount to ability
in writing. "2/
Gates also worked out a formula for combining quality
and speed. Instead of giving two separate results, a rating as
to quality and the number of letter per minute, the combined
3
score could be written as Quality X Vspeed. 3/ Gates and
(March, l03O7 '5l: 297-8.
l/ 0. E. Hertzberg, "A Comparative Sf.udv of Different Methods
Used in Teaching Beginners to Write," Teachers College Columbia
University Contributions to Education, No. 214, Bureau of
Publications New York (1926) 60. pp.
2/ A. I. Gates, "The Acquisition of Motor Control in Writing
’Ey Pre-School Children," Teachers College Record (1923)
24: 459-469.
3/ A. I. Gates, "The Relation of Quality and Speed of Perfor-
mance: A Formula for Combining the Two in the Case of Hand-
writing," Journal of Educational Psychology (March 1924)
15: 129-44.
..
.
.
.
10
LaSalle used this combined score in an experiment concerning
writing ability and its relation to other abilities. "Writing
ability is mainly determined by a special native capacity or
aptitude. .89 is the probable correlation between writing
ability now and eight months hence." "Writing ability paral-
lels age closely when other influences are equal. "l/
Graves gave a speed test and found that extreme slant
was the most rapid in the one minute test. The oldest pupils
were in the fastest groups. Girls were faster than boys .2/
Kirk made a survey to determine grade standards. "Pri-
mary purpose of this survey was to determine the quality of
handwriting necessary to meet the social and business demands."
Ayres Measuring Scale was used - Gettysburg Edition. 85$ of
the 100 judges considered quality 60 adequate for social cor-
respondence .3/
Gray made an experiment to train people to judge hand-
writing with less variability due to the subjective attitude.
It was important to form correct general impressions of the
sample of handwriting and of the sample on the scale, and
l/ A. T7 Gates, and J. LaSalle, "A Study of Writing Ability and
Tts Relation to Other Abilities, Based on Repeated Tests During
a Period of 20 Months," Journal of Educational Psychology
(April, 1924) 15: 205-16.
2/ S. M. Graves, "A Study in Handwriting," Journal of Educa -
tional Psychology (October, 1916) 7: 483-94.
3/ J. G. Kirk, "Handwriting Survey to Determine Grade Standards,"
Journal of Educational Research (March, 1926) 13: 181-88.
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then to make an accurate comparison.l/
Joseph S. Taylor has ecathered together the results of a
^
great number of experimental studies. In his book he dis-
cusses the handwriting movement in all its phases, finger
movement, forward movement, various combinations of finger
and arm movements, pron&tion, co-ordination of movements, diffu-
sion of movements -- and concludes that there is no one com-
bination which is best for all. "investigators disagree
as to the correct procedure in primary grades. Some would
stress movement and speed, deferring form to a later period;
others would stress form, postponing speed and movement to a
later period. " 2/
Homer B. Reed in his chapter on Handwriting says that
the aim is to teach sufficient skill so that the person may
be able to record facts or ideas. Legibility and speed con-
stitute efficiency. Speed improves more from the 2nd to
the 5th than the 5th to 8th. Girls are slightly superior in
speed and quality. The association between writing and in-
telligence is approximately zero. He agrees that there are
wide individual differences and that there is no need to
1/ (5 . Truman Gray, The Training of Judgment in the Use of
The Ayres Scale for Handwriting," Journal of Educational
Psychology Vol. 6: 85-98.
t
_2/ Joseph S. Taylor, Supervision and Teaching of Handwriting .
Johnson Publishing Company. Richmond, Virginia. Copyright
1926.

develop handwriting beyond the ordinary demands of life .I/
Harry G. Wheat also gives the aim as legibility and
speed with ease,
"The skills involved in learning to write are
chiefly of a sensori -motor character. Sensori -motor
learning may be defined as the adaptation of a movement
to a stimulus Learning to write is the gradual
adaptation of the handwriting movement to a gradually
developing perception of form. One finds, moreover,
that out of the adaptation of movement comes speed,
and out of the development of perception comes quality
of product, and that the relation between speed and
quality of handwriting may be distinguished in the re-
lation which exists between the adaptation of movement
and the development of perception."
"Perception in writing is not wholly visual, but is
also partly kinaesthetic, or muscular . "2/
Luella Cole says,
"Handwriting exists for no other purpose than to
,,
be read. "Speed has more practical value than appearance,
"if the muscle control is not well developed speed will
produce poor quality and legibility.' The bones and
muscles of the child are changing so control is diffi-
cult. "
She makes the statement that children improve hand-
writing about as well minus instruction as with. If children
are not mature enough to profit by drill the time is wasted.
Handwriting skill correlates highly with age.
She advocates using fountain pens since that is what
1/ H. B. Reed, "Psychology of Elementary School Subjects .
Ginn and Company^ 1927 . Ch. XIII, ^pp~. 191-216.
2/ H. G. Wheat, The Psychology of the Elementary School .
Silver, Burdett and Company. Boston, Copyright 1$31.
Ch. VI, pp. 257-285.

13
people use. A combination arm, hand, and finger movement
with a light grip produces the best results. Individual
analysis and remedial treatment will bring about the greatest
improvement in handwriting. As to speed, she claims that
100 letters per minute is the minimum "safe" number in order
that the handwriting may not break down. She thinks there
is too much attention given to quality and not enough to
speed. "Muscular development and control are functions
of chronological age and physical condition, not of intelli-
gence. "l/
According to the Third Year Book, "The reasonable stan-
dard in speed at the end of the sixth grade is the median rate
of 70 letters per minute. "2/
Griffith says that there has been much disagreement as
to speed and style but that the recent viewpoint is that
writing is a means to an end. The child achieves a form
that satisfies a given level of legibility but emphasis is
upon speed since modern teaching requires rapid note taking.
He quotes the generally accepted standard of quality 60 and
speed 70 letters per minute. 3/
1/ Luella Cole, Psychology of the Elementary School Subjects .
Farrar and Rinehart, Inc. New York, 1934. Chi V~, pp. 115-149.
2/ Third Year Book , Department of Superintendents, National
Educational Association. Washington, 1925. Oh. VI, pp. 215-216.
3/ C. R. Griffith, An Introduction to Educational Psychology .
Farrar and Rinehart" Inc . New York, 1935 . Pp”. 82-66
.
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Many other investigat ions have been made in handwriting.
These listed were given as an illustration of the variety of
experiments that have been made in order to add to the know-
ledge in the field. Since motor co-ordination is involved in
the handwriting movement the writer’s experiment will attempt
to find out the relationship between speed of handwriting from
copy and the score on four tests of motor ability.
• '
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Tests of Motor Co-ordination
"The development of muscular control is dependent
upon the maturation of nerve and muscle structures, as
well as upon opportunities for practice. The young child
needs many opportunities for gross movements and activities
of various kinds. He also needs freedom from excessively
exacting standards of control while he is learning the
simpler co-ordinations In earlier childhood, free-
dom of movement is most important. The fine muscular con-
trol which yields a high degree of accuracy will be de-
veloped later.
"From the Simple to the Complex .-- That which seems
a simple motor hab£t~to an adult may in truth be a complex
one for the child .... The fine co-ordinations needed for
many complex motor skills should follow the development of
motor control of the larger muscle groups ....
" Sequence in Motor Development .-- Recent studies seem
to show that motor development follows an orderly sequence.
Motor control does not develop in a haphazard manner ....
The order of development of motor habits seems to be reg-
ular and to follow roughly a sequence which begins with
the eyes, head, and neck, and then involves the arms and
the upper portion of the trunk, and finally leads to con-
trol of the lower portion of the trunk, the legs, and the
fingers .... Motor development is dependent upon bone and
muscle growth and upon the maturation of nerual structures. "1/
Bryan tested voluntary movement with the Morse key. There
were slight differences between boys and girls. The boys were
slightly superior. The scores were nearest together at ages 10,
11, 12. The scores improve with age, but the amount of increase
is not the same each year. "The maximum rate of voluntary rhyth-
mically repeated movement is probably a critical test of volun-
tary control. "2/
1/ F. D. Brooks, Child Psychology. Hou.ghton Mifflin Company.
Boston, 1957, pp. 139-140.
2
/
»». L. Bryan, "On the Development of Voluntary Motor Ability,"
• •
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Dresslar recorded the time for 300 taps with the Morse key.
Wrist movement was used as far as possible. The average was
8.5 taps per second, with 10 taps per second as the most rapid
score. He found that the tapping rate was fastest at 4:00 p.m.
-- lowest at 8:00 a.m. Walking decreased the rate. "Increased
central activity favors increased rapidity for voluntary move-
ments. "_l/
Bagley summarizes his experiment with "trilling" a Morse
key: "A general inverse relation between motor and mental
ability. Numerous individual exceptions and a varying validity
at different periods of development. There is a gradual in-
crease of motor ability with age. In general, the boys slightly
surpass the girls in motor ability, while the reverse obtains
in mental ability. "2/
Bolton stated that "mental development and motor power go
hand-in-hand." He experimented with two classes of children -
one with a cultural background; the other, a poor economic
background. The "good" class was superior to the "poor" in
tapping. The bright children improved more in practice in the
five trials. The girls were uniformly better than boys. "These
American Journal of Psychology (November, 1892) 5:125-204.
1/ P. B. Dresslar, "Some Influences Which Affect the Rapidity
of Voluntary Movements, " American Journal of Psychology
(1892) 4: pp. 514-527.
2/ W. G. Barley, "On the Correlation of Mental and Motor
Ability, " American Journal of Psychology (1901) 12: 193-205.
r.
.
' V
’
K,
*J 9 * •
'
.
‘
\ • . •• • •
.
•
.
.
. ;
.
.
.
.
•
r
: .
.
.
.
17
tests have shown that with the brighter children motor power
increases with advancing age."l/
Wells experimented with the telegraph key for thirty
second trials. "A high gross rate in tapping does not, as
has been pointed out, involve superiority in other aspects of
motor speed." He was particularly interested in the fatigue
phenomena. "When we are fresh and doing the best that we shall
do, we vary distinctly more from each other than when we have
lost somewhat through fatigue
•
u2/ Wells also experimented to
find out what the sex differences in the tapping test would be
for adults.
"The previous researches which afford material for
the study of sex differences in the tapping rate are con-
cerned mainly with children and adolescents. While they
do not maintain absolute correspondence, their general
indication is that the boys are faster than the girls, and
that the sex difference increases with age, so that we
should expect to find here a consistent superiority of
the men over the women.
"
In the first experiment with the right hand the women
were superior, but in all the other trials the men were
superior .3/
Whipple says in his manual that the tapping test has been
1/ T. L. Bolton, "The Relation of Motor Power to Intelligence,"
American Journal of Psychology (1903) 15: 615-631.
2/ P. L. Wells , "Normal Performance in the Tapping Test Before
and During Practice, with Special Reference to Fatigue Pheno-
mena," American Journal of Psychology (1908) 19: 437-483.
3/ P. L. Wells, "Sex Differences in the Tapping Test," American
Journal of Psychology (1909) 20: 353-363.
..
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thought to he a better index of motor capacity than any other
single test. Then he qualifies this statement by saying, nThe
test has value, but is not a comprehensive ’index of voluntary
motor ability’." Thirty seconds is the standard duration for
a trial, and the result is the total number of taps made. Con-
clusions :
"in general, the maximal rate of voluntary movement
varies with the individual, with sex, with maturity,
with the side of the body used, with practice, with the
number of trials, with fatigue, with mental excitement,
with the time of day.
"
Individual differences in rate of tapping cannot be ex-
plained. "They are conditioned in a general way by funda-
mental neural factors, or by these plus differences in ability
to co-ordinate voluntary movement."
"Rate of tapping increases with age, at least between
6-18 years. Boys are faster than girls - sex difference in-
creases with age." Many investigators, including Smedley,
Gilbert, and Bolton found a positive correlation between tapping
and mental ability.!./
Johnson investigated tapping rate with primary children.
She found great irregularity in the early trials with marked
improvement following practice. An average of less than five
trials will not give a true score indicating ability. Her
results showed a marked increase in rate of tapping with
l/ G. M. Whipple, Manual of Mental and Physical Tests. Fart I :
Simpler Processes. Warwick and York, Inc. Baltimore
,
1924 -
Copyright 1914. Pp. 1-40 and 130-146.
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increasing age, "No direct correlation of fatigue and rate is
found, nor is there a distinct sex differentiation in loss by
fatigue. The index of fatigue is greater for use of hand
not preferred," "There is a distinct difference between the
sexes in ability in tapring test, favoring the girls in this
group, which has far greater variation among girls with two
subjects at each extreme -- boys cluster closely about the
average. This leads to no generalization concerning sex dif-
ferences, "1/
Wellman experimented with children three-six years old,
testing their ability to make movements in eight primary
directions. There were no sex differences found in the scores.
There was a positive correlation with age. There was no close
relationship between intelligence and these special motor
abilities .2/
Long tested the motor abilities of deaf children. He
states that motor skills are specific so an individual’s per-
formance on one test will be no indication of his probable
performance on some other test. He equated his groups for
age, sex, and race.
"The influence of age and sex on motor abilities is
1/ 6. Johnson, "Experimental Study of Motor Abilities of
Children in the Primary Grades," The Johns Hopkins University
Studies in Education, No 2 . Baltimore: Johns Hopkins Press,
1^17, pp. 62.
2/ Beth Wellman, "The Development of Motor Co-ordination in
Young Children - An Experimental Study in the Control of Hand
and Arm Movements," University of Iowa Studies, Vol.III. No. 4,
p. 93.
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so universally recognized that the necessity for selecting
them as two of the three variables will hardly be question-
ed .... Correlations between mental and motor abilities
are so low as to indicate that they are practically in-
dependent of one another."
Tapring was used as one of the tests. Both sexes of
deaf made higher scores than the hearing. "The most striking
and consistent result in the whole experiment is the superiority
of deaf boys over deaf girls in the motor abilities measured."
"Deaf and hearing persons are not widely different in motor
abilities in general. "l/
Goodenough and Anderson discuss the tapping test in their
book on experimental chxld study. "The tapping test is one
of the oldest methods employed for the study of individual
differences in a behavior function." "Children of same age
and sex considered, tapping speed is at best but slightly
related to intellectual differences as usually measured. Rate
of tapping increases fairly rapidly with age." In testing
they advise that the test should be given on two consecutive
days, recognizing that "individuals vary in activity from time
to time." "Children may ’just happen’ to do poorly on the
first test. "2/
The results of these investigations agree that motor con-
17 J. A. Long,~Motor Abilities of Deaf Children, " Teachers
College Columbia University Contributions to Education , No. 514,
Bureau of Publications, 1932.
2/ F. L. Goodenough,and J. E. Anderson, Experimental Child
"Study. The Century Company. New York. Copyright 1931, pp.
122-140.
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trol increases with age. There is a difference of opinion
with regard to mental ability and tapping rate. In general,
with recent experiments
,
only an insignificant correlation
has been found. There is also disagreement with regard to
sex differences, but the majority favor boys as faster than
girls.
In the following experiment speed of handwriting from
copy is compared with motor co-ordination as indicated by the
results of four motor tests, to see if slow handwriting is
the result of low muscle co-ordination.
.<-
22
CHAPTER II
PROCEDURE
Problem : Is slow handwriting the result of low muscular
co-ordination or is it the result of poor training?
Will the child who makes a low score in a speed
test of handwriting from copy also make a low score in a
series of motor co-ordination tests using the arm and
hand muscles?
The following experiment was conducted in three school
buildings. Grades IV, V, VI. The tests were given between the
dates February 3 and April 4, 1938.
Equipment and materials used in this experiment :
1. Six paragraphs, average 275 letters each, mimeographed
separately, double-spaced, at the top of a sheet of white
paper, with mimeographed lines below, one-haly inch apart,
for ease in copying. One paragraph in quotation marks
was taken from the thesis of A. Acomb.l/ The other five
were written for the experiment, using incidents within
the experience of children, based on a low vocabulary,
see Appendix.
Each child was given a mirneographed sheet for the
speed test. As the paragraph was at the top of the page
1/ A. Acomb, "A Study of the Psychological Factors in Reading
and Spelling," Master's Thesis, Boston University school of
Education (1936).
r!
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it eliminated the necessity for looking away or for being
confused by spelling difficulty. No memorization was in-
volved. A fair estimate of his speed of handwriting
from copy was obtained by averaging the six tests, -
three in ink, three in pencil.
2. Otis Quick-Scoring Mental Ability Tests, Beta, Form A.
3. Tapping Board -- C. H. Stoelting.
4. Stylus for tapping board.
5. Tracing Board-Stoelting- modified in the following
manner:
The wooden strip was removed from the left side of
the tracing groove, leaving the metal strip exposed.
A strip of glass ^ inch wide and ten inches long was
placed on the board to the left of the uncovered
metal strip. This was held firmly in place by a
12 inch "strateline" wooden ruler, screwed to the
board so that the thick edge, with a slight pro-
jection, came over the edge of the glass. This made
a groove approximately ^ inch wide, glass at the bot-
tom, with wood on one side and metal on the other.
The movements, horizontal, vertical, and with
fingers, were made with a metal tracing stylus
within this groove. The metal contact on but one
side registered a double motion as side to side,
or up and down on the electric counter.
6. Stylus for tracing board taped to within 3/4 inch of
..
•
,
.
:
•
•
r
.
•
•
•
•
r
.
'
.
.
Tapping Board
Contact made with a metal stylus on metal square.
Registered on electric counter.
Tracing Board.
1. Uncovered metal strip; wooden rule removed.
2. Glass strip 1/4 inch wide, 10 Inches long.
3. 12 inch ruler to hold glass in place.
Movements executed with a metal stylus.
Contact with metal strip registered on electric counter.
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the end approximating a pen.
7. Electric counter -- C. H. Stoelting.
8. Pour No. 6 Everready Dry Cell batteries.
9. Stop watch.
10.
Books used in adjusting the position of each child
to correct height. Books used to compensate for dif-
ference between table top and height of tracing board,
in order that child’s arm could be in position similar to
writing.
First, a handwriting speed test was given in Grades IV,
V, VI, as a survey test to determine the fast and slow writers.
Paragraph No. 1 about the forest fire was used. The children
were told that it was to be a timed test using pencil. To
some a timed test was a new thins:. Others had had such tests
before. It was explained that they all should start on a
given signal and stop instantly, at the command, "Stop”.
Erasing mistakes would take time so wrong letters could be
crossed out. Pinal instructions were given in this way:
"Copy the paragraph on the lines as rapidly as you can, but
remember that I want to be able to read it. Letters that
cannot be read will not count. Ready — go." A stop watch
was used and at the end of two minutes the command, "Stop",
was given.
A child’s score was found by counting the actual number
of letters written and dividing by two. One-half was considered
.
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an additional letter. If letters had been written over,
as in "there" with a superimposed "their", credit was given
for two extra letters. Badly written letters were counted,
although the pupil had been told otherwise, as a warning
against scribbling.
From this first test which was given to 338 children
the fast and slow writers were selected. Scores between 50
and 65 were eliminated as not being essential to the experi-
ment. Originall;/ it had been planned to pair children having
a difference of 40 letters in writing, but this proved to be
impossible with the number of cases tested. 209 children
were listed to take the remaining five speed tests from copy.
These were given in the following order: ink, pencil — pen-
cil, ink -- ink.
The tests were given in the classrooms and those children
who were not being tested did other school work. A two minute
test in ink was given, followed by a two minute test in pencil.
Time was given to pass out the papers for the second test at
the close of the first test, giving a few minutes of rest
between, paragraph 2, about skating, was used for the ink
test, and paragraph 3, about swimming, was done in pencil.
On a different day a two minute test in pencil was given,
followed by a two minute test in ink. Time was given to pass
out papers for the second test, thus giving a few minutes
of rest between. Taragraph 4 about the snow was used for
the pencil test, and paragraph 5 about sailing was done in.ink.
f
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The final test was in ink, given alone, just as the
first test was in pencil, given alone. Paragraph 6 about
the mountain climb was used for this test.
The child’s final score for speed of handwriting from
copy was obtained by averaging the six tests - three in pencil
and three in ink.
The Otis Quick-Scoring Mental Ability Test, Beta, Form A
was given to the sixth grades throughout the school system
by the supervisor in February 1958. As this data was ac-
cessible it was only necessary to test the pupils in Grade IV
and Grade V who had been selected for this experiment. The
test was given in accordance with the manual and the mental
age of each child was based on the results of the Otis Quick-
Scoring Mental Ability Test, Beta, Form A.
Because of illness and absences only 186 children of the
209 listed completed the six -writing tests and the Otis Test.
From these 186 fifty children -were selected, arranged in pairs
according to sex, chronological age, mental age, and I. Q. and
with a speed of handwriting that differed by at least twenty-
five letters -- a fast group and a slow group. Chronological
age was kept within a range of six months. Mental age was kept
within a range of six months. I. Q. was kept within a range of
ten. Example: A child with a low score in handwriting was
matched with another child of the same sex whose chronological
age differed by not more than six months from that of the first
child; whose mental age differed by not more than six months
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from that of the first child; whose I. Q. differed by not more
than ten points; whose handwriting was at least twenty-five
letters faster. Factors of age and intelligence were held
as nearly equal as possible for this experiment. A greater
number of cases would have permitted closer pairing. To these
fifty selected children were given the motor co-ordination
tests.
The tests used were: tapping test, right and left; hori-
zontal arm movement, risht and left; finger movement, right and
left; vertical arm movement, right and left. Two trials were
given with the right arm, two trials with the left arm for
each of the four tests. Each, trial lasted for thirty seconds.
The apparatus was set up in an unused class-room on a
table. It consisted of the four batteries, electric counter,
tapping board and stylus, modified tracing board, and taped
stylus. It was connected so that the two boards were in the
circuit and could be shifted into position without loss of
time in making a changed connection.
The children came one at a time and the time per child
averaged between fifteen and twenty minutes. The two trials
were given in counter-balanced order-tapping, horizontal, fingers,
vertical -- vertical, fingers, horizontal, tapping. Books were
used to adjust the position each child, so that the arms
A
would approximate the writing position.
The tapping board was in place, parallel with the edge of
the table, when the child entered. He was shown how the
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electric counter registered each time the stylus struck the
metal on the board. He was seated with his right forearm resting
on the tapping board and allowed to practice a few times to get
the proper type of movement. He was told to rest his elbow
firmly, but not too rigidly on the board. Most of the action
comes at the wrist, but some movement of the forearm is allowed.
Some children attempted to lift the whole arm from the board.
"Keep your arm on the board” was a necessary reminder in that
case
.
After the short preliminary trial the electric counter
was set at zero. The child was told to begin tapping on
the "Ready- -go" signal and to tap just as fast as he could until
he heard "Stop." At the end of thirty seconds by the stop
watch the command, "Stop” was given. The score was recorded, and,
although it meant nothing to the child, he was told his score so
there was nothing mysterious about it. In some cases the clock
face was shielded during tapping if the child showed a tendency
to watch the clock and fall into an easy rhythm rather than
to expend his best effort in speed.
The child was then told to face the other direction with
his left forearm resting on the tapping board so that he used
the opposite metal surface. The same procedure was used and
the electric counter re-set before timing the trial. The
score was recorded. If the child appeared upset because his
left hand did not respond as readily as his right he was told
that that was the usual thing and that he had done very well.
.
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The tapping board was then moved to one side. The wires
that were attached to each of the boards were Ions: enough
so that they could be moved conveniently from one side of the
table to the center. The tracing board was moved into position
before the child so that the groove was perpendicular to the
edge of the -cable. A small book was placed at the end of the
board as a rest for the arm to offset the height of the board
from the table. The child was given the taped stylus in his
right hand and told to move it from side to side in the groove,
while the free arm rested on the table, as in writing. He was
shown that it was to be an arm movement and he should try to
do it as fast as possible.
A preliminary trial was given ir crder to get the proper
type of movement. The stylus contacted metal on only one side
of the groove so the counter registered a double movement.
Some children had a tendency toward a rotary oval movement
rather than a side to side movement. An effort was made to
keep the movement as uniform as possible. During the trial
the reminder, ’’side to side”, "back and forth", helped to keep
the movement steady.
Following the brief preliminary trial the counter was
re-set and the trial timed for thirty seconds. The score
was recorded and the same procedure was used for the left hand.
Then the board was turned so that the groove was parallel
to the table edge, and the ruler, which held the glass in place,
was on the side toward the child. He was told to rest his arm
*.
1
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firmly on the book which was placed between the side of the
board and the table edge and to use only his fingers to make
the "pen” go up and down in the groove.
As in the previous tests a brief preliminary trial
was given in order to get the proper type of movement. Then
the counter was re-set and the signal given. During the
timed trial as the child became fatigued he had a tendency to
bring in some arm movement. He was encouraged and corrected by
saying, "fingers only", "use your fingers", "arm still". An
endeavor was made to keep the movement as uniform as possible.
After recording the score the same procedure was used with
the left hand.
With the board in the same position he was now told to
keep his fingers still and use the arm motion only, up and
down, arm resting on the book. After the preliminary trial
and the re-setting of the counter the timed trials were taken-
right with score recorded, then the same procedure with the
left. Again, he was cautioned to use the arm only and keep an
up and down movement.
This completed one trial in each of the four tests.
The following instructions were now given to the child: "Now
you have a chance to do the tests all over aa-ain'to see if you
can beat your own record. I will tell you what you get each
time. We'll start with the one you have just done, up and
down, arm only, and end with the tapping. See how fast you
can go." If there was a gain in score he was highly commended.
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If there was a lowering of the score it was suggested that he
would surely increase his score on the next test. The ma-
jority made gains on the second trial. As one child said,
"It's more familiar," No preliminary trials were given
on the hoard, but the child was asked if he remembered what
he was going to do, and he made the motion in the air to
show that he understood.
The two trials in each test were averaged and the
result stated as the child's score for that test.
..
.
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CHAPTER II
TABLE I
PAIRING
S = Slow Group E : Fast Group
(SI matched with Fl)
Sex, C.A.
,
M.A.
,
I.Q. equated
Difference of at least 25 letters between slow and fast groups.
No. Sex C.A. M.A. I.Q.
No.
of
Letters No. Sex C.A. M.A. I.Q. 3
No.
of
.etters
'S 1 M S-10' 9-H 108 32 F 1 M 8-11
,
10-0 109 63
“S 2 M 0-7
|
9-9 101 Tg“ ' F 2
j
U 9-7 10-3 T0'5“ ~55“
s 3 F 9-s
|
T0-I1 no
'
37 Fit F 10-1 IT-2"
'
108 66
s 4 M 9-9 S-6 £7 3 ?. ~T'4t M 9-2 RI
'
32 64
s 5 F 9-li "TT3 “ 104 42 F 5 F
'
10-5 10-6 101“ 68
S 6 F 9—Hi 11-5 IIS if “F"6] F 9-11 Tl-9 114
—
“69“
s 7 F lo-O 3b
1
“FT F 10-7 9-6 91 70
S 8 M "li-n
' H 3
"
3T" M 10-10 ITT" T05“ 6b
S 9 F HT-3“ "10-0"'
"
17
“
F $i F "~gnnr~I0-o 101 bb
”5icr F ITT-7”io^3 '97 ~>rr F10 F TTT~ 10^9
“ 101“ P .Sll M Ho-
7
11-2 105
' “
75
“ mr'IT 10-8 10-11 102 b4
“SIT F lo-7 TJPT' 111 “40 “FIT
—
Y~ 11-2 nr
~W~ ~75
SI3 F 10-7 12-6 113 55 1 TT3" F 11-2 ITT “83“
“SIT M IT3“ “TO- 7s 39 f!4 M 11-3 7-11 72 64
S13 F 10-10 '1=T' 91 53 ' F1'5" F Tl~ lo-2 92 " 80
Sib M 10-10 1 10-11 100 47 F16
H
yr 10-11 ll'-OT roi""'~15
"SIT F IO-TTnr-3 noi 56 FI 7 F ll-2 nr 103 sb
“SIT F 10-10 | 14-5 T-W 56 ""“FIT F "10-10 i4-0 'T29 “86“
sw F 1151 Tonrr “57 FI9
"
F
1
11-1
'
11-2 T01 80
“ "
“STT M 11-1 fl2-8" 114 bl F2o iVi, 10-8 13-4 118 72
s21 F ll-4
j
12-6 no 31 FTT F |1T-T " l2-6 107 1 27
s22 i»i rmrT5-T0^ lT50 bb F22 M 11-2 15-6 HTT 90 "
ISjT F li-ii 1 lo-9 ~90“ 06 F23 F "ITT
-
1 J'-O'
1
91 hi
S 24 M 12^5
^
j
5-5 A Hi " r I F24 . M l2-"9 9-0 [d
1
l*
”STTnr 12-11 TT=3 ”00“ 4i “ 1’25" 1' TT9 jii-5
1
91
1
/»
Av. Av
.
Av.
1
Av * Av. Av. Av. Av.
10-3 no-11 .“sir 102.76 44.52 10-9.72 11-l.l6 102.4 ~T4.24
P.E. P.E. P.E. P.E. P.E. P.E. P.E. P.E.
±7-2 I^i4.0i9 £10.02' 17 - 208 ±7.^8 £12.938 £9.515 £6.504
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Table I shows equating the two groups for sex, C. A.,
M. A., I. Q. , and. difference in speed of handwriting of at
least twenty-five letters. SI represents a slow writer paired
with PI, a fast writer. There are twenty-five children
in each group. The mean and probable error are given for
G. A., M. A., I. Q.
,
and number of letters written per minute
in each group.
In C. A. the slow group is 10-8X7.2 and the fast group
is 10-9.92 t7. 48.
In M. A. the slow group is 10-11.84-14.019 and the fast
group is 11-1. 16 t, 12. 938.
In I. Q. the slow group is 102.76 t 10. 027 and the fast
group is 102. 4t 9.515.
In speed of handwriting the slow group is 44.52 C 7.808
and the fast group is 74.24 £ 6. 504.
Following are three graphs illustrating the G. A., M. A.,
and I. Q,. of the two groups.
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The table below presents the difference in chronological
age of the slow group as compared with the fast group.
Table II.
Number Mean P.E. Diff
.
P.E. Diff.
m m diff. O
7
diff.
Past 25
Slow 25
10-9.92
10-8
7.48
7.2
1.92 10.392 .184
It is concluded that the difference is of no statistical
significance .1/
rr H. E. Garrett, StatisLics in Psychology and Education .
Longmans, Green, and Company. New York, 1937, Copyright 1926.
1937, p. 217.
i
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The table below presents the difference in mental age
of the slow group as compared with the fast group.
Table III.
Number Mean P.E. Diff
.
F.E. Diff.
m m diff. F.E.
.. _ ..
diff.
Past 25
Slow 25
11-1.16
10-11.84
12.938
14.019
1.32 19.079 .069
It is concluded that the difference is of no statistical
significance
.
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The table below presents
Quotient of the slow group as
the difference in Intelligence
compared with the fast group.
Table IV.
Number Mean P.E. Diff
.
P.E. Diff.
m m diff. P7E7
diff.
Past 25 102.4 9.515 .36 13.820 .026
Slow 25 102.76 10.027
It is concluded that the difference is of no statistical
significance
•
.
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The table below presents the difference in speed of hand-
writing from copy as indicated by the number of letters per
minute of the slow group as compared with the fast group.
Table V.
It is concluded that the difference has statistical signi-
ficance, although the critical ratio, 2.928, falls short of
four which would indicate complete reliability. 97 chances
in 100 the difference is significant.
f
f

TABLE VI
HATE OF TAPPING H AND L (30 Seconds)
Slow Group Fast Group
(SI matched with Fl)
No. R L No. R L
S 1 156 109 F 1 137 • 114
S 2 151 ITT Y~2 132“ 100
s 3 132
. .
”W * 5 T35- 138"h§4 TIT” F4TT75
$ 5 135 113 F 5|i4i 131 1
1
£ btst 151 F"6 |
’ TTr
1
s 71 153 'W F 7 j 147 T3cr
[
S S|Y64 ' T5T' F k i4b 112 n 1
s 9 153
_ __
114 FT !?7 . ~W~
prnr 164 129 “Flo i44 TFT
Sll 192 I92 ‘ Fl 1
"
i4sl 142
"si?"121 93 “FIT 172
...
S13 T61
'
143 F13 159 127
jSitr 142 l2l" “FITw “I3T”
S15TST' 157 '
1
TT^"144
|
Sibw "is
r
“Fib "TSI 151
1
~JTT 177 1^9
"
-nrW T3T”
"T7T“ ”124“ “FIS" 164 135 1
~1>TST2T“ I 29 “FIT 184 T3T
145 ' 118
1
F 2O 151 [
"S21 181 ' F21 16§ 147 [
S22 155 153 F22 242 TE3
-
“S2J 2"C4" 1^5"
'
“F2J 169 T4T'
(STT ISb IbO F24'T74 T35
I
TTT 92 “TT" F25T06 158
Av. Av. Av. Av.
155.52 131.52
"
162.2
"
13K. 12
”
P.E. P.E. P.E. P-E, 1
£15.964 i.17 • 1^3 £15.021
1
T11 .T83
x = Left-handed. Dominant hand score computed in
R column
-.....
•
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Table VI. shows the tapping rate; R. and L. hands for
the slow and fast groups. The score for each child is the
) average of two 30 second trials. Three left-handed children
are included, and the score for the dominant hand is com-
puted in the R. column. The average for the slow group R.
is 155.52^15.904 and for the fast group 162. 2 i 15.021. The
average for the L. hand, slow group, is 131. 92 it 17. 143 while
the fast group averages 136. 12 t 11.683.
The table below presents the difference in tapping rate
of the slow group as compared with the fast group.
Table VII.
R.Hand Number Mean P.E.
m
Diff
.
m
___
P.E.
diff.
Diff.
P.E.
diff.
Past 25 162.2 15.021 6.68 21.863 .305
Slow 25 155.52 15.904
L. Hand
Past 25 136.12 11.683 4.20 20.736 .202
Slow 25 131.92 17.143
It is concluded that the difference is of no statistical
significance.

TABLE VIII
HATE OF HORIZONTAL ARM MOVEMENT R AND L (30 Seconds)
1 Pt. : Double Movement— Side to Side
Slow Group Fast Group
(SI matched with Fl)
No. R L No. R L
S 1 86 F 1 146 101
S 2 T39 ^TU8 y 2 122
s
}
l 2b 7b
_ 43 .T28 99
S 4 139 111 T 4 b33~ TOD
s 12§ “71 -T~5~TT4 ~go“
S 6 i4o 100 F 6 157 l4b~
s 7 !30
.
108 IT 135
..
“
94
“
S 8 itfiT 138 F 8 124 90
S 9 120 ao F 9 123 81
S10 124 93 F10 127 102
Sll 149
'
133 Fll 115 103
Sl'2 129 103 F12 _13b
. .
105
S13 130 104 TI3P 137 93
si4 121 105 fi4 137 101
S15 l4"2
'
141 FI 5 T3S“ 83
si
6'
"
io9" Fib
'T53 124
S17 154 " 114 ITT*HT3 ~W
sTS" IbO 131 F18 T35~ 1ST"
S19 US'
'
'
~W~ FI5TT56 114
S20 "149“ 93 F20 139 152
S21 lbl 141 F21 151 105
S22 143 127 F22 145 127
S23 IbO T4o F23 147" 133 _ _
S24 172
....
147~ F24 l44 118
S 25 93 55 F25 158 128
Av. Av. Av. Av.
13S. 24 108.48
“
107.96
P.E. P.E. P.E. P.E.
"til . 266 ^16.145 ts .505 112.903
X Left-handed. Dominant
R column
hand score computed in
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Table VIII. shows the rate of horizontal arm movement
R. and L. for the slow and fast groups. The score for each
^ child is the average of two 30 second trials. One point
equals a double movement, side to side, since the apparatus
registered electrical contact on only one side. Three
lef-handed children are included, and the score for the
dominant hand is computed in the R. column. The average for
the slow group R. is 138.24- 11.266 and for the fast group
137.92 il 8. 505. The average for the L. hand, slow group is
108.48^16.145 while the fast group averages 107.96 12.903.
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The table below presents the difference in rate of
horizontal arm movement of the slow group as compared with
the fast group.
Table IX.
R . Hand Number Mean P.E.
m
Diff
.
m
P.E.
diff.
Diff.
P.E.
diff.
Past 25 137.92 8.505 .32 14.107 .022
Slow 25 138.24 11.266
L. Hand
Fast 25 107.96 12.903 .52 20.664 .025
Slow 25 108.48 16.145
It is concluded that the difference is of no statistical
significance
.
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BATE OF VERTICAL ARM MOVEMENT R AND L (30 Seconds)
1 Pt. = Double Movement—Up and Down
Slow Group Fast Group
(SI matched with Fl)
No. f. a L ~ No. a .. L
S 1 135 85 F 1 118 110
S 2 112 ¥ 2
rT25“ 10'g
S
?
“7T“
._E 3 117 T5“
s 4 126 100 F 4 130 107
s 5 127 “55“ TOO 88
S b 130 119 F b rer ~T37“
s 7 T3T- 105 ““TT 12b 118
S 8 151 139 F g 114 107
s 9 123 ~W * 9 1 H4 _94
S10 123 93 F10 | 13b 113
|
Sll “155“ 133 Fll 1 120 112
rsi2 ~w~ F12 T22 1I0
“ST
T
126 log "W 132 “US
si4 ^L27“ 112 YDT 136 127
!
S1
?
lUT" 127 F15 126 104
Sib 125 109 “Fib l4l 131
Sl7 135 nr nr 135 117
"TDT“W 111 ' FIS T2T* TIT
S19 112 97 F19 142 127
S20 131 102 F20 142 135
§21 139 !3i "F2T i4o 129
S22 ttt TT6
|
F22 150 127
S23 ~T3Sn F23 137 132
s24 145 110 F24 l4l" ~W
S25 yb 70
|
F25 134 110
Av. Av. Av. Av.
129.24 107. ss 129*96 115.68
P.E. P.E. P.E. P.E. 1
±9-fcs til. 89 ±7*72 £8.56
x Left-handed. Dominant hand score computed in
R column
1
.(
<
(
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Table X. shows the rate of vertical arm movement R. and L.
for the slow and fast groups. The score for each child is the
average of two 30 second trials. One point equals a double
movement, up and down, since the apparatus registered elec-
trical contact on only one side. Three left-handed children
are included, and the score for the dominant hand is computed
in the R. column. The average for the slow group R. is
129.24^9.68 and for the fast group 129.96^7.78. The
average for the L. hand, slow group is 107.88^11.89 while
the fast group averages 115.68^8.56.
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The table below presents the difference in rate of
vertical arm movement of the slow group as compared with
^ the fast group.
Table XI.
R.Hand Number Mean P.E.
m
Diff
.
m
P.E.
diff.
Diff.
F7E7~
diff.
Past 25 129.96 7.78 .72 12.410 .058
Slow 25 129.24 9.68
L. Hand
Past 25 115.68 8.56 7.80 14.663 .531
Slow 25 107.88 11.89
It is concluded that the difference is of no statistical
significance. It is of interest that the untrained hand
shows a higher critical ratio than the trained hand. .531
in contrast with .058.
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TABLE XII
HATE OF FINGER MOVEMENT R AND L (30 Seconds)
1 Pt. = Double Movement—Up and Down
Slow Group Fast Group
(SI matched with Fl)
[“NoT R L No. R L
s 1
.
117
.. _
71 F 1 137 95
S 2 138
. _
101 F 2 1 113 08
fir 121 63 - - F ? 120 . 7b[§4 123
. .
-
8
7-
F 4 130 105
S 5 | 104
.
74
.
r 5 94" 90
S b ~124~
. 93 .. F 6 12b” 109
s 7 111 7S r 7 120 89
S 8 143 102 F 8 117
.
.9.2
s 9 ...1.15 ~w~ .. r 9 107 _ 75
sio 113 88 F10 123
.
!
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Sll 126 90 Fll 113 105
S12 127 102 F12 126
S13 124 SO F13 118 S3
S14 119. 81 F14 122
... 79
S15 12b 117
. .
F15 111
.. 9.2 ...
Sib ~ 114 81 " Fib
"
133.
__
101
S17
.130 94 F17 129
_ 97
S18 119
_
93 F18 129 9b
SI9 110 80 F19 126 §i_
S20 117 7s F20 Il3"b" 113
I S21 144 124 F21 111 88
S22
.
125
._
108 F22 150 120
S2} i4o 94 F23 13.0
.
_
93
S24 ‘ 141
'
101 "F24 HI 9b
S25 81 bl F25 122 lo4
Av. Av. Av. Av.
122.32 89.24 122.4 93-48
"
P • 2 • P.S. P.S. P.S.
±8.999 ±10.07 17-51
|
“i.s.09
X Left-handed. Dominant
R column
j - 4-.... ,
hand score computed in
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Table XII. shows the rate of finger movement R. and L.
for the slow and fast groups. The score for each child is
the average of two 30 second trials. One point equals a
double movement, up and down, since the apparatus registered
electrical contact on only one side. Three left-handed
children are included, and the score for the dominant hand
is computed in the R. column. The average for the slow
group R. is 122.32-8.999 and for the fast group 122.4- 7.51.
The average for the L. hand, slow group is 89.24 ^10.07 while
the fast group averages 93.48^ 8.09.
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The table below presents the difference in rate of
finger movement of the slow group as compared with the fast
group.
Table XIII.
R. Hand Number Mean P.E.
m
Diff
.
m
P.E.
diff.
Diff.
P.E.
diff.
Past 25 122.4 7.51 .08 11.705 .006
Slow 25 122.32 8.999
L. Hand
Past 25 93.48 8.09 4.24 12.923 .328
Slow 25 89.24 10.07
It is concluded that the difference is of no statistical
significance. It is of interest that the untrained hand
shows a higher critical ratio than the trained hand. .328
in contrast with .006.
*
Boston University
School of Education
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CHAPTER IV
SUMMARY AND CONCLUSIONS
A test of motor co-ordination and speed of handwriting
was made in Grades IV, V, VI.
A survey speed test was given to 338 children to locate
fast and slow writers.
Six speed tests, three in ink, three in pencil were given
to 209 children.
The Otis Quick-Scoring Mental Ability Test, Beta, Form A,
was given to these 209 children.
Twenty-five slow writers were selected and paired for sex,
C.A., M.A., I.Q.
,
with twenty-five faster writers (at least
twenty-five letters difference in handwriting speed per minute.)
Four motor co-ordination tests were given to these fifty
selected children.
Results
1. In pairing, the difference In C.A., M.A., and I.Q.
between the slow and fast group was of no statistical signi-
ficance .
2. The difference in speed of handwriting between the
slow and fast group indicated ninety-seven chances in one
hundred of being significant.
3. The difference in rate of tapping between the slow
and fast group was of no statistical significance.
t-
.
*
—
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4. The difference in rate of horizontal arm movement
between the slow and fast group was of no statistical signi-
ficance.
5. The difference in rate of vertical arm movement be-
tween the slow and fast group was of no statistical signi-
ficance. The degree of difference was greater for the un-
trained hand than for the trained hand and was in favor of
the fast group.
b. The difference in rate of finger movement between
the slow and fast group was of no statistical significance.
The degree of difference was greater for the untrained hand
than for the trained hand and was in favor of the fast group.
Conclusion
For this selected group of children results would in-
dicate that slow handwriting is not the result of low muscle
co-ordination. Further investigation is necessary.
.
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CHAPTER V
OBSERVATIONS, IMPLICATIONS, APPLICATIONS
There are several factors that may have affected the
speed tests in handwriting from copy. If a child has a
narrow eye-span time may be lost in looking back at the copy
and keeping the place. Judging by the variations in speed
of the six trials there are differences in the same indivi-
dual, due possibly to fatigue, attitude, lack of "warming
up", or lack of knowledge as to how to form certain letters.
In Grade IV there was a tendency to write "x", "y",
or "z" for the letter in "frozen". One child was observed
studying the alphabet on the wall of the schoolroom, thus
losing time. Perhaps it would be better to eliminate such
words in a speed test.
The second speed test in pencil was a paragraph of 204
letters. There was no intention of making this an easier
paragraph than the others, but a large number of children
made a high score on this test. Possibly they thought they
could finish it in the two minute period and were motivated
to write faster than usual.
The competitive instinct may have affected the scores
of some as children were observed comparing copies at the
close of the test.
The tests were given during school time and the children
may have had written work the previous period. This may either
.,
t
*
*
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have fatigued or have limbered the writing muscles. On the
contrary they may have had no written work and their muscles
would be inactive.
Some children had a marked preference for pencil. Others
had scores more nearly ecual in pencil and ink. The survey
test fcr selecting fast and slow writers was made in pencil.
It might have been better to have given one test in ink as
well and averaged the two before selecting.
In the motor co-ordination tests only two trials were
given due to lack of time. Doubtless a fairer estimate of
ability would have been obtained if more trials had been
given. There was great variability in some cases between
the first and second trials. (see appendix)
Muscle tenseness was exhibited in the various individuals.
Some showed a slight degree, others extreme. One girl moved
her entire body, apparently unable to make the arm and hand
function alone. In using the untrained hand many of the
children expressed dislike, and a feeling that they couldn’t
do it very well. Tenseness inhibited them.
One boy, left-handed, made a tapping score of 155 with
his right hand and 153 with his left. In the vertical arm
movement his score was 117 right and 116 left. He said that
he played the mandolin and had been taught right-handed.
His right arm apparently showed the effect of training.
A girl who made a score in the horizontal arm movement of
142 right and 141 left said she had broken her right arm when
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she was in the second grade and had had to use her left arm.
She explained, "First I was right-handed, then I was left-
handed, now I'm right-handed again." Evidently the training
affected her score.
The motor co-ordination tests were new to the children.
They appeared interested and anxious to do well. Only one
child asked what somebody else had scored, and whether he
had beaten her. The others seemed pleased and satisfied
that they had improved their own scores on the second trial.
From this experiment it would seem that low motor co-
ordination is not the cause of slow handwriting. Training
and a positive attitude on the part of the child to improve
his own record may bring results. Legible handwriting with
a fair degree of speed is a desirable goal.
..
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APPENDIX

"The man was standing alone on the top of the hill. He
seemed to he looking for something. All at once he ran as
fast as he could go toward the white house hack in the field.
He jumped into his car and drove away leaving a cloud of dust
behind. Soon, several other cars went hy going at top speed
in the same direction. A faint smell of smoke in the air told
us that there was a forest fire somewhere off in the north,"
.
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There had been several days of cold weather and the
pond was frozen over. The ice was so smooth and black
that the children wanted to go skating. They were sure
that it must "be safe. One boy started to walk across but
he had taken only a few steps when his foot went through
the ice. He was glad to get back safely with nothing
worse than a wet shoe.
"TV
• :•
•A
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There was a wide place in the river where the hoys
often went to swim. As the water was clear and deep they
would dive off the hig rock, Cn the hank grew a tall tree
from which they could jump into the water. It was great
fun to play there on a warm day in summer.
1 :.
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The children were glad when it "began to snow for they
had "been given sleds and sk/is which they wanted to use.
They thought of the fun they would have the following day.
In the night the snow turned to rain and "by morning it was
almost gone. They were sorry for now they would have to
wait until it snowed again "before they could use their gifts.
..
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The children had gone for a sail on the lake. Their
father had told them to he careful for it was quite a windy
day. As the sailboat went around the point a strong wind
caught the sail. Before they knew it they were in the water.
A motor boat came to the rescue but they were good swimmers
and could take care of themselves. They thought it was a
great lark.

The campers started to climb the mountain early in the
morning. They brought food with then as they planned to
eat their lunch at the top. The sky began to grow dark and
then it rained. The campers kept on for a while but it
rained harder than ever. They decided to turn back since
they had wanted to see the view from the top of the mountain.
The rain had spoiled the trip.
*• ••
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SPEED TESTS IN HANDWRITING
Pencil Ink Pencil Pencil Ink Ink
S 1 32 33 48 42 35 39
rs“?““ PQ 34 21 27 5
s 3 36 .... 37 42 38 38 33
S 4 43 3-5.-, 51 . ._ . 35 ... 34 41
s 5 T 42 51 45 32
.
38
$ 6 r ... . 30. 34 38 3.7. . .. .27 ... 28
S 7 35 37 .. 36 . ... . ?8- 33 33
S 8 33.. 3 s 36 45 U3 4o
S 9 . 35 . . . . 35 38
r .
35 .32 24
S10 48 441
.5.2
.
50 4i 46
Sll
. .
33 . 3° 33 36 3i 30
SIP. 49
_
__43 .57. .
r
.
54 34.
-
38
SI3 51 w -52 ...
.
58 52 53
.
Sl4 4l
.
3.6 37 . . 45 44 28
S15 64 jO
_ 53 . . .. _ . 65 44 “42
si6 46 5P 55 4l 46 46
S17 56 r~sr -5.1 67
" "
6l
...
5.6
_
SIS 6tr 4t> 60 50
S19 44 56 58 62 ?° 48
S 20 49
J+7
.. .
54
... ... 59 . 48 48
S 21 67 47 75 74 54
.
55
S22 73 . . 63 68 65
.
58
.
_63
S23
.
69. In .. 77
r
72 55 6s
S24
-
23
. ...
it 28
...
17 21 19
S25 46 39 4o 43 42 34

SPEED TESTS IN HANDWHITING
1
Pencil ' Ink Pencil | Pencil Ink Ink |
F 1 62 57 65 68 63 6l
1
F 2 1 52 59 nr 59 49
i
F
?
TT “FT IT" “68“ 68“ 57
1 F 4 66 HE] 70 “68“ “61“ 60
F 5 64 in 14T “67 “ 52 59
F 6' 75 6b 75 66 73 “6l
F 7 79 57 72 nr* “6T“ 63
.
1
F 8 16“ FT1 71 71 66 65
1
F 9 73
“66“ m 66 59
i F10 so 58 16" 80 76“ “66“
Fll ~5ir “66” 70 70
“
65
“
62
1 F12 73. 72 nr 72 b6 ~W~
| F13 82 81 95 S3 nr 25
F14 72 63 77 70 53 48
r 1 ?
“68“ 89 “86“ 81
.
S3.
i fH 81 5^ 81 23 16“ 73
i F17 “g9“ 80 90 72 “1“ 23
rm~ cr VJl 80 25 92 95 97
1
F19 80 TT “86“ nr nr 70
F20 75 25 82 25 72 6b
F21 79 s3 91 92 88 84
F22 77 79 102 .97 91
“
96
“
F23 14“ IF- 101 97 88
F24 80 “W 79 90 ~W “65 “
F25 77 73 75 16 25 69
'
Tapf>ing Horizontal Fingers Vertical
~R ' L R L R L R L
150 104 i4o 78 110 65 137 78
S 1 l6l li4 145 94 124 II 1 132 91
145 128 1?7 105 138 100 130
|
111
S 2 156 !34 141 110 137 101 !?8 113
1$ 9^ 122 73 120 S'” 9^1 ^8
s I_ 129 7.7 . 129 . 79 . 122 64 101 80
142 102 141 ill 117 88 115 108
s 4 i4s 128 136 110 128 86 137 92.1
131 ll6 124 70 l64~ "14“ 121 89
s 5
.
139 109 J 133 71 io4 73 1 132 101
150 167 99 142 78 124 118 134
s 6
..
131 166 101 138 107 123 120 126
155 128
~
12T 100 110 82 129 102
s 7 160 128 - 135 115. . 123 . 74 133 107
174 158 136 143 152 97 150 136
S 8 151* 158
.
157 133
__
134 106 152 l4l
150 112 129 77 113 79 122 92
s_9
_
155 116 110 82 HZ 89 ._ 123 94 J
167 123 129
”86"
115 121 92
S10 161 135 118 100 111 91 124 93 J
191 176 i44 119 114 61 150 134
Sll 193 208 153_
.
147 138 119 159 132
107 77 131 88 119 100 121 96
S12 135 iO?
... __
127 118 134 io4 138 102
16c 144 128 98 125 87 115 ~w~
813. 161 142 131 110 122 73 137 121 1
Sl4
135 119 125 107 117 81 n? 115
148 123 !17
_
103 121 80 13 1* 109
171 165 149 T53 125 112 142 130
S15 155 148 13k 139 126 122 l4o 123
152 " 124 102 109 85 123 106
Si6 l4l 121
__
139
_
115 118 89 126 112
181 l44 158 115 123 -9$- 150 ll6
817 172 H3
..
L 1^9 112 136 93 120 122
173 114 l60 130 108 88 115 109
S18 168 133 159 132 130. -98 122 113
101 119 100 92 I06 79 109 97
S19 151 139 135 10? - 114 81 115 97
137 113 149 116 78 128 103
S20
...
153. 123
...
149 91 117 78 1 134 101
173 155 1^4 136 135 127 136 129
S21 188 171 163 146 152 120 142 133
.
!
148 155 124 “W“ 105 120 113 115
S22 15S 155 129
_
I3i 110 129 118 118
203 189 159 138 146 88 157 138
S2*5 205 181 l6l l4l 133
_ . 99.. 153 1 137
192 i’54
~
165 149 143 98 145 110
S24 180 165
.
178
.
145 13s 104 i45
.
109
91 80 99 57 79 60 94 ^9
S25 2I_ 67 86 52 —83-. 62 2£_ 71
.
Tap Ding Horizontal Fin<*ers Vertical
E L B L B| L a L
x32 111 i4o 100 138 88 116 107
F 1 142 ..111. 15
2
101 135 102 120 112
133 101 114 75 no 64 128 110
F 2 142 99 . 130 7.6_ . 1.15. 72 .. 122 106
1^4 13s 124 103 115 6^r 111 ~9S~
F 3 155 137 132 94 . 124 83 123 . 9.6 .
175 139 x36 100 128 100 130 105
F 4 175 135 141 .99.. . 131__ no 129 108
135 130 119 90 93 88 93 SO
F 5 147
._
132
.
109 106 95 ___ 9_2 ...
- w ... 9.6 .
172 155 159 W 124 107 i44 135
F 6 163 ...153 ... 154 151 127 no l4l 139
135 124 130 93 113 8?
118 115
* 7 139 135 i4o __._9_4.__ . 127 94 134.. 121
!39 107 125 89 115 85 109 105
F 8 i4i 111 122 _Sl
...
118 J29_ 119 108
131 86 125 81 102 72 1§6 85
F 9 142 112 120 81 111 78 121
_
.103.
.
i4s 122 ~i2ir 98 123 78 133 107
F10 13? I32 128 105 122 90 138 ...US ....
i44 lit 119 104 112 103 115 109
Fll 152 149 no 101 114 106 124 115
166 !32 135 102 119 88 118 100
F12 !7? i45 136 107 132 107 125 119
154 123 138 91 109 70 125 115
F13 l6
?
130 13$ 94 . 127 . 9_6_. . 138 121
164 125 136 92 121 73 130 121
fi4 153 134. _
.
137 no 123 86
.
142
.133 ._
141 120 125 83 113 94 120 99
FI5 146 129 139 83 108
-
8
? - 132 108
166 l46 156 119 125 94 137 128
Fl6 199 156 160 128 l4i 107 145 .133
l66 129 “136“ 97
" 124 "lb 131 116
F17 172 130 150 101
_ .
133. 98 139 118
1§3 131 142 "W 127 97 132 112
F18 i64 138 127 130 131 94
. . ..
.123... 120
175 149 141 112 122 93 139 123
F19 193 169 111 116 130. 84 145 .131
151 149 146 137 99 132 130 137
F20 151 137
__ ...
157. i4o 126
.. 13?. . 139 147
159 144 149 103 109 84 137 129
F21 179 150 153 106 112 _.9_1 142 128
240 172 133 120 145 118 150 125
F22 243 166
... 157 . . 13^ 154 121 150 129
163 143 143 128 134 100 128 129
F25 173 152 . 150 138
.
126 86 146 13^
.. .
180 157 139 114 116 82 135 118
F24 167 153 148 121 n
.7 . no 147 120
185 152 i46
"
132 116 110 131 117
F25 186 164 169 124
—
127 1- 98
—
136 103
'
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